PATENT APPLICATION 



Title of the Invention 

Spiral Couplers 

Field of the Invention 

This invention relates b^microwave couplers. 
More particularly, this ifiv£H€ion discloses the topology of 
couplers that typicalw^^erate at microwave frequencies and 
utilize spiral-like configurations to achieve high density 
and low volume . 

Background of the Invention 

Over the decades, wireless communication systems 
have become more and more technologically advanced, with 
performance increasing in terms of smaller size, operation 
at higher frequencies and the accompanying increase in 
bandwidth, lower power consumption for a given power output, 
and robustness, among other factors. The trend toward 
better communication systems puts ever-greater demands on 
the manufacturers of these systems. 

Today, the demands of satellite, military, and 
other cutting-edge digital communication systems are being 
met with microwave technology, which typically operates at 
frequencies from approximately 50 0 MHz to approximately 60 
GHz or higher. Many of these systems use couplers, such as 
directional couplers, in their microwave circuitry. 

Traditional couplers, especially those that 
operate at lower frequencies, typically require long 
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packaging since coupling between lines is often required 
over a long distance. 

Popular technologies for microwave technologies 
include low temperature co- fired ceramic (LTCC) , 
5 ceramic/polyamide (CP), epoxy fiberglass (FR4) , 

f luoropolymer composites (PTFE) , and mixed dielectric (MDk, 
a combination of FR4 and PTFE) . Each technology has its 
strengths, but no current technology addresses all of the 
challenges of designing and manufacturing microwave 
10 circuits. 

For example, multilayer printed circuit boards 
using FR4 , PTFE, or MDk technologies are often used to route 
signals to components that are mounted on the surface by way 
of soldered connections of conductive polymers. For these 

15 circuits, resistors can be screen-printed or etched, and may 
be buried. These technologies can form multifunction 
modules (MCM) which carry monolithic microwave integrated 
circuits (MMICs) and can be mounted on a motherboard. 

Although FR4 has low costs associated with it and 

20 is easy to machine, it is typically not suited for microwave 
frequencies, due to a high loss tangent and a high 
correlation between the material's dielectric constant and 
temperature. There is also a tendency to have coefficient 
of thermal expansion (CTE) differentials that cause 

25 mismatches in an assembly. Even though recent developments 
in FR4 boards have improved electrical properties, the 
thermoset films used to bond the layers may limit the types 
of via hole connections between layers. 
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Another popular technology is CP, which involves 
the application of very thin layers of polyamide dielectric 
and gold metalization onto a ceramic bottom layer containing 
MMICs. This technology may produce circuitry an order of 
magnitude smaller than FR4, PTFE, or MDk, and usually works 
quite well at high microwave frequencies. Semiconductors 
may be covered with a layer of polyamide. However, design 
cycles are usually relatively long and costly. Also, CTE 
differentials often cause mismatches with some mating 
assemblies. 

Finally, LTCC technology, which forms multilayer 
structures by combining layers of ceramic and gold 
metalization, also works well at high microwave frequencies. 
However, as with CP technology, design cycles are usually 
relatively long and costly, and CTE differentials often 
cause mismatches with some mating assemblies. 
y\ Advances have been made in reducing the size of 

^ LTCC couplers and FR4 couplers, by u6ing strip- line spiral - 
like configurations. Examples of/spiral-like configurations 
for couplers using various technologies may be found in U.S. 
Patent Nos . 3, 999,150 to Cairagliano et al . , 5,689,217 to Gu 
et al., and 5, 841,328 ter^Hayashi , incorporated herein by 
reference. However, wgp-ng spiral-like configurations for 
couplers based on these technologies have certain 
limitations, as described below. 

Hard ceramic materials mazy/provide dielectric 
constants higher than approximate]^ 10.2, but components 
ilizing these materials cannot/be miniaturized in a stand- 



consuani 
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alone multilayer realization. For example, bond wire 
interconnects must be used for the realization of microstrip 
circuitry, increasing the overall size of the resulting 
microwave devices. / Other ceramic materials have limited 
5 dielectric constants, typically approximately 2 to 4 , which 
prevent close placement of metalized structures and tend to 
be unreliable for small, tight -fitting components operating 
at microwave frequencies. Additionally, ceramic devices 
operating at microwave frequencies may be sensitive to 

10 manufacturing limitations and affect yields. LTCC Green 
Tape materials^Eend to shrink during processing, causing 
mismatches preventing manufacturers from making smaller 
coupling lirEe-s^and placing coupling lines too closely lest 
they lose their spacing due to shifting during processing. 

15 For these reasons, spiral-like configurations of couplers 
cannot be /too compact; the benefits of using spirals are 
limited. 

FR4 materials have other disadvantages. For 
example, FR4 materials have a limited range of dielectric 

2 0 constants, typically approximately 4.3 to 5.0, preventing 
manufacturers from placing metalized lines too compactly. 
Manufacturers utilizing this material also cannot avail 
themselves of the advantage of fusion bonding. 
Additionally/ FR4 materials are limited in the tolerance of 

25 copper cladding that they can sustain - typically 1.4 mils 
is the minimum thickness, so the dimensional tolerances are 
limited. As with ceramics, spiral-like configurations of 
couplers cannot be too compact, and the benefits of using 

4 

NY2: 276692.06 



spirals are limited for FR4 . MDk materials also have 
similar disadvantages to FR4 . 

PTFE composite is a better technology than FR4, 
ceramics, and MDk for spiral -like couplers. Fluoropolymer 
composites having glass and ceramic often have exceptional 
thermal stability. They also allow copper cladding 
thickness below approximately 1.4 mils, which permits 
tighter control of etching tolerances. Additionally, these 
materials have a broad range of dielectric constants - 
typically approximately 2.2 to 10.2. Also, they can handle 
more power than most other material. All these features 
allow spiral-like couplers to be built much more compactly 
on PTFE than is possible using other types of material. 
Furthermore, complex microwave circuits can be fabricated 
using PTFE technology and the application of fusion bonding 
allows homogeneous multilayer assemblies to be formed. 



Summary of the Invention 



The present invention relates y& the manufacture 
spiral-like couplers using PTFE as ar base material. 
Coupling lines are wound in spiral -Like shapes, which can be 
rectangular, oval, circular, or otfner shape that provides a 
compact structure in nature . / *<^§uplers can consist of two, 
three, or more coupling l^ne^ /depending on the application 
and desired coupling. jtou^L^ng lines can be co-planar, 
taking up only one lay^y^f /metalization between two layers 
of dielectric material//or they can be stacked in two or 
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more layer^/ depending upon the number of lines being 
utilised. 

It is an object of this invention to provide 
spiral-like couplers that utilize PTFE technology. 
5 It is another object of this invention to provide 

spiral- like couplers that have smaller cross sectional 
dimensions than traditional couplers. 

It is another object of this invention to provide 
spiral -like couplers that have improved electrical 
10 characteristics . 

It is another object of this invention to provide 
spiral- like couplers that maximize space utilization along 
the Z-axis. 

It is another object of this invention to provide 
15 spiral- like couplers that maximize space utilization in 
three dimensions. 

It is another object of this invention to provide 
spiral-like couplers that can be fusion bonded. 

20 Brief Description of the Drawings 

Fig. 1 is the top view of an oval-shaped spiral- 
like coupler having three coupling lines in one plane. 

Fig. 2a is a side view of an oval-shaped spiral- 
like coupler having three coupling lines in three planes. 
25 Fig. 2b is an exploded perspective view of the 

oval-shaped spiral- like coupler shown in Fig. 2a. 

Fig. 3 is a perspective view of an example of a 
spiral coupler package . 
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Fig. 4 is a perspective view of the spiral coupler 
package of Fig. 3 mounted on a board. 

Fig. 5a is a top view of the spiral coupler 
package of Fig. 3. 
5 Fig. 5b is a bottom view of the spiral coupler 

package of Fig. 3. 

Fig. 5c is a side view of the spiral coupler 
package of Fig. 3. 

Fig. 6 is a perspective view of the metalization 
10 of the spiral coupler package of Fig. 3. 

Fig. 7 is a rotated view of the metalization of 

Fig. 6. 

Fig. 8 is another rotated view of the metalization 

of Fig. 6. 

15 Fig. 9 is the top view of the placement of via 

holes and metal lines to contact pads for the circuit in the 
spiral coupler package of Fig. 3. 

Fig. 10 is another top view of the placement of 
via holes and metal lines to contact pads for the circuit in 
20 the spiral coupler package of Fig. 3. 

Fig. 11 is a superimposed view of a spiral -like 
coupler, via holes and metal lines to contact pads for the 
circuit in the spiral coupler package of Fig. 3. 

Fig. 12 is a plot of typical return loss 
25 characteristics for a preferred embodiment. 

Fig. 13 is a plot of typical transmission 
amplitude balance characteristics for a preferred 
embodiment . 
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Fig. 14 is a plot of typical transmission phase 
balance characteristics for a preferred embodiment. 

Fig. 15 is a plot of typical outer transmission 
characteristics for a preferred embodiment. 
5 Fig. 16 is a plot of typical inner transmission 

characteristics for a preferred embodiment. 

Fig. 17 is a plot of typical isolation 
characteristics for a preferred embodiment. 

Fig. 18 is a schematic diagram showing an overview 
10 of the layers comprising the spiral coupler package of Fig. 

■£*ru 

spiral coupler package of Fig. 3. 

Fig. 19b isl a bottom view of the first layer of 
15 the spiral coupler paakage of Fig. 3. 

Fig. 19c is W side view of the first layer of the 
spiral coupler package! of Fig. 3. 

Fig. 2 0a is a top view of the second layer of the 
spiral coupler package pf Fig. 3. 
20 Fig. 20b is albottom view of the second layer of 

the spiral coupler package rif Fig. 3. 

Fig. 20c is a /side view of the second layer of the 
spiral coupler packag^ oo Fig. 3. 

Fig. 21a is a top view of the third layer of the 
25 spiral coupler package of Kig. 3. 

Fig. 21b is a bottom view of the third layer of 
the spiral coupler package of Fig. 3. 



NY2: 276692.06 



8 




Fig. 2lftc is a side view of the layer of third the 
spiral coupler package of Fig. 3. 

2a is a top view of the fourth layer of the 

:age of Fig. 3 
^l!^|s a bottom view of the fourth layer of 

package of Fig. 3. 
!: is a side view of the fourth layer of the 
spiral coupler pajckage of Fig. 3. 

Fig. 23 is a substrate panel with alignment holes. 
10 Fig. 24 is a substrate panel with alignment holes 

and holes for vias. 

Fig. 25 is another substrate panel with alignment 
holes and holes for vias. 

Fig. 26a is the top view of the substrate panel of 
15 Fig. 24 with a pattern etched out of copper. 

Fig. 26b is the bottom view of the substrate panel 
of Fig. 24 with a pattern etched out of copper. 

Fig. 27a is the top view of the substrate panel of 
Fig. 25 with a pattern etched out of copper. 
20 Fig- 27b is the bottom view of the substrate panel 

of Fig. 25 with a pattern etched out of copper. 

Fig. 28 is the top view of an assembly of four 
fusion-bonded panels with drilled holes. 

Fig. 29 shows a pattern etched out of copper on 
25 the top and bottom of the assembly of Fig. 28. 

Fig. 3 0 is the top view of an array of the spiral 
coupler package of Fig. 3. 
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Detailed Description of the Invention 

Three Coupling Line Configurations 
Referring to Fig. 1, a spiral-like coupler is 
5 shown. Coupling lines 10, 20, 3 0 are wound in a 

configuration to provide coupling among three pathways for 
microwave signals. In a preferred embodiment, coupling 
lines 10, 20, 3 0 have oval configurations. In alternative 
preferred embodiments, rectangular shapes and round shapes 
10 may be used. In other alternative embodiments, the shape of 
the coupler may depend on space considerations. For 
example, it is possible for a microwave circuit having 
several components to be configured most efficiently by 
utilizing a spiral-like coupler that is substantially L- 
15 shaped or U-shaped, by way of example only. 

Coupling line 10 is connected to other parts of 
the circuit through via holes 15, 16 which are preferably 
situated at the ends of coupling line 10. Similarly, via 
holes 25, 26 provide connections for coupling line 20 and 
20 via holes 35, 36 provide connections for coupling line 30. 

Although the coupler shown in Fig. 1 has three 
coupling lines, it is obvious to those of ordinary skill in 
the art of coupling lines that one can use spiral -like 
configurations for couplers having more than three coupling 
25 lines, or only two coupling lines. 

Referring to Fig. 2a and 2b, a spiral-like coupler 
having coupling lines distributed along the Z-axis (i.e., 
existing on different levels) is shown. Coupling lines 110, 

10 
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12 0, 13 0 are wound in a configuration to provide coupling 
among three pathways for microwave signals. In a preferred 
embodiment, coupling lines 110, 120, 130 have oval 
configurations and are of the same size and shape. In 
5 alternative preferred embodiments, rectangular shapes and 
round shapes may be used. In other alternative embodiments, 
the shape of the coupler may depend on space considerations. 

Although the coupler shown in Figs. 2a and 2b has 
three coupling lines, it is obvious to those of ordinary 

10 skill in the art of coupling lines that one can use spiral- 
like configurations for couplers having more than three 
coupling lines, or only two coupling lines. 

Example of a Preferred Embodiment of a Spiral Coupler 
Referring to Fig. 3, an example of a spiral 

15 coupler package 300 is shown. Spiral coupler package 300 
also has four contact pads 310, which are side holes in a 
preferred embodiment, for mounting, and three ground pads 
320. In a preferred embodiment, contact pads 310 are 
sol dered or wi r e -bound to metal pins , which may jpe gold 

20 plated, for connection to other circuitry. In an 

alternative preferred embodiment, spiral coupler package 3 00 
is mounted on test fixture or board 400, as shown in Fig. 4. 
Board 400 has metalized lines 410 for connection to other 
circuitry. 

25 Figs. 5a and 5b show top and bottom views of 

spiral coupler package 300, respectively. Fig. 5c shows a 
side view of this embodiment, wherein spiral coupler package 
300 consists of dielectric substrate layers 1, 2, 3, 4, 

11 
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which are approximately 0.175 inches square. Layers 1, 2 
are approximately 0.025 inches thick and have dielectric 
constants of approximately 10.2. An example of material 
that can be used for layers 1, 2 is RO-3 010 high frequency 
circuit material manufactured by Rogers Corp., located in 
Chandler, Arizona. Layers 3, 4 are approximately 0.005 
inches thick and have dielectric constants of approximately 
3.0. An example of material that can be used for layers 3, 
4 is RO-3003 high frequency circuit material, also available 
from Rogers Corp. Metalization, preferably ^ ounce copper, 
is disposed on layers 1, 2, 3, 4 to provide some of the 
features of spiral coupler package 300. For example, the 
top of layer 4 is metalized with the pattern shown in Fig. 
5a to define groundplane 504. Similarly, the bottom of 
layer 1 is metalized as shown in Fig. 5b to define 
groundplane 501. A third groundplane 502 disposed between 
layer 2 and layer 3 can be seen in Fig. 6, which shows only 
the metalization of spiral coupler package 3 00 without the 
supporting dielectric layers. 

Metalization layer 602 is disposed between layer 1 
and layer 2, while metalization layer 603 is disposed 
between layer 3 and layer 4 . In the preferred embodiment 
shown in Fig. 6, metalization layer 602 provides spiral-like 
shapes which are connected with via holes 62 0 to 
metalization layer 603, which provides pathways to contact 
pads 310. Figs. 7, 8 show different views of the 
metalization shown in Fig. 6. 
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Fig. 9 shows the placement of via holes 62 0, which 
are connected to contact pads 901, 902, 903, 904 by metal 
lines 911, 912, 913, 914 (which are part of metalization 
layer 603) respectively- The widths and lengths of metal 
lines 911, 912, 913, 914 affect the performance of the 
coupler. In a preferred embodiment shown in Fig. 10, metal 
lines 911, 912, 913, 914 are 0.011 inches wide and the 
average length of metal lines 911, 912, 914 is approximately 
0.065 inches, while the average length of metal line 913 is 
0.13 95 inches. 

Advantageously, groundplane 502 isolates metal 
lines 911, 912, 913, 914 from metalization layer 602. 
Without groundplane 502, it is apparent that signal cross- 
talk would occur between metalization layer 602 and metal 
lines 911, 912, 913, 914, which are shown superimposed in 
Fig. 11. 

Referring to Figrf. 12-17, typical electrical 
performance characteristics of the embodiment shown in Figs. 
3-11 and described above are shown for a frequency range 
of 1.0 GHz to 3 . 0 GHz. F<pr the purposes of the performance 
curves the ports are as follows: PI is at contact pad 901; 
P2 is at contact pad 902 i P3 is at contact pad 903; and P4 
is at contact pad 904. Fig. 12 shows the return loss, in 
decibels, for PI, P2, P3w, and P4 . Fig. 13 shows the 
amplitude balance, or difference between the signal from P2 
to PI and the signal frpm P4 to PI, in decibels. Fig. 14 
shows the phase balance, or phase difference between the 
signal from P2 to PI and the signal from P4 to PI, in 

13 
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degrees. Fig. 15 shows 



the outer transmission, in decibels, 
between P4 and PI and between P2 and PI. Fig. 16 shows the 
inner transmission, in decibels, between P2 and P3 and 

17 shows the isolation, in 
P2 and between P3 and PI . 



between P4 and P3 . Fig 
decibels, between P4 and 



A Prfiffirrfid Method of Manufacturing Spiral Couplers 
In a preferred embodiment a spiral coupler is 
fabricated in a multilayer structure comprising soft 

10 substrate PTFE laminates. A process for constructing such a 
multilayer structure is disclosed by U.S. Patent No. 
6,099,677 to Logothetis et al . , entitled "Method of Making 
Microwave, Multifunction Modules Using Fluoropolymer 
Composite Substrates", incorporated herein by reference. 

15 Spiral couplers that are manufactured using fusion 

bonding technology advantageously avoid utilizing bonding 
films, which typically have low dielectric constants and 
hamper the degree to which spiral -like couplers can be 
miniaturized. The mismatch in dielectric constants between 

20 bonding film and the dielectric material prevents the 
creation of a homogeneous medium, since bonding films 
typically have dielectric constants in the range of 
approximately 2.5 to 3.5. 

When miniaturization is desired for lower- 

25 frequency microwave applications, a dielectric constant of 
approximately 10 or higher is preferred for the dielectric 
material. In these applications, when bonding film is used 
as an adhesive, it tends to make the effective dielectric 

14 
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constant lower (i.e., lower than approximately 10) and not 
load the structure effectively. Additionally, the use of 
bonding film increases the tendency of undesired parasitic 
modes to propagate. 
5 In a preferred embodiment, a spiral -like coupler 

package is created by fusion bonding layers 1, 2, 3, 4, 
having metalization patterns shown in Fig. 18, which are 
shown in greater detail in Figs. 19a, 19b, 19c, 20a, 20b, 
20c, 21a, 21b, 21c, 22a, 22b, 22c. The process by which 
10 this may be accomplished is described in greater detail 
below. 

/ In a preferred embodiments/four f luoropolymer 

composite substrate panels, such as panel 2300, typically 9 
inches by 12 inches, are mountedr drilled with a rectangular 
15 or triangular alignment hole pattern. For example, 

alignment holes 2310, eaciyyff which has a diameter of 0.125 
inches in a preferred ejjM^Ddiment , are drilled in the pattern 
shown in Fig. 23. Alignment holes 2310 are used to align 
panel 2300, or a staak of panels 2300. 
20 An example of panel 23/0 is panel 23 01 (not shown 

separately), which is approximat/ely 0.025 inches thick and 
has a dielectric constant of approximately 10.2. 

A second example of panel 2300 is panel '2302, 
which is approximately 0.025 fi.nches thick and has a 
25 dielectric constant of approximately 10.2. Holes 2320 
having diameters of approximately 0.005 inches to 0.020 
inches, but preferably having diameters of 0.008 inches, are 
drilled in the pattern shawn in Fig. 24. Preferably, 

15 
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alignment holes 2310 and hoi.es 2320 are drilled into panel 
2302 before it is dismounted. 

A third example off panel 2300 is panel 2303, which 
is approximately 0.005 inchls thick and has a dielectric 
constant of approximately 3 1 0 . Holes 2330 having diameters 
of approximately 0.005 inchfes to 0.020 inches, but 
preferably having diameters of 0.008 inches, are drilled in 
the pattern shown in Fig. 35. Preferably, alignment holes 
2310 and holes 2330 are drilled into panel 2303 before it is 
dismounted. 

A fourth examplelof panel 2300 is panel 2304 (not 
shown separately), which ip approximately 0.005 inches thick 
and has a dielectric constjant of approximately 3.0. 

Holes 2320 of panel 2302 and holes 2330 of panel 
23 03 are plated through for via hole formation. 

Panel 2302 is further processed as follows. Panel 
2^02 is plasma or sodium etched, then cleaned by rinsing in 
alcohol for 15 to 3 0 minutes, then preferably rinsing in 
water, preferably deionized, having a temgferature of 21 to 
52 degrees C for at least 15 minutes. /Panel 2302 is then 
vacuum baked for approximately 3 0 minutes to 2 hours at 
approximately 90 to 180 degrees y, but preferably for one 
hour at 14 9 degrees C. PaneV^3 02 is plated with copper, 
preferably first using an/e^ct^oless method followed by an 
electrolytic method, to (^thickness of approximately 13 to 
25 microns. Panel 230/ is preferably rinsed in water, 
preferably deionizecK for at lea-s£- 1 minute. Panel 2302 is 
heated to a temperature of approximately 90 to 125 degrees C 
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for approximately 5 to 3 0 minutes, but preferably 90 degrees 
C for 5 minutes, and then laminated wiych photoresist. Masks 
are used and the photoresist is devel/oped using the proper 
exposure settings to create the pattern shown in Figs. 26A 
and 26B (shown in greater detail Ln Fig. 20A, where in a 
preferred embodiment rings having an inner diameter of 
approximately 0.013 inches and an outer diameter of at least 
0.015 inches are etched out oy the copper, and Fig. 20B) 
These patterns also preferably include at least six targets 
2326 on either side of paneft. 2302. The targets 2326 can be 
used for drill alignment for future processing steps, and in 
a preferred embodiment comprise 0.040 inch annular rings 
around 0.020 inch etched circles. Both the top side and the 
bottom side of panel /2302 are copper etched. Panel 2302 is 
cleaned by rinsingyrn alcohol for 15 to 3 0 minutes, then 
preferably rinair^r in water, preferably deionized, having a 
temperature of 2fb_ to 52 degrees C for at least 15 minutes. 
Panel 23 02 is/xhen vacuum baked for approximately 3 0 minutes 
to 2 hours git approximately 90 to 180 degrees C, but 
preferably for one hour at 149 degrees C. 

Panel 2303 is further processed ars follows. Panel 
2303 is plasma or sodium etched, then cleaned by rinsing in 
alcohol for 15 to 30 minutes, then preferably rinsing in 
water, preferably deionized, having/a temperature of 21 to 
52 degrees C for at least 15 mijmzes. Panel 2303 is then 
vacuum baked for approximated ^minutes to 2 hours at 
approximately 90 to 180 degrees C, but preferably for one 
hour at 14 9 degrees C. Panel' 23 03 is plated with copper, 
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preferably first using an electroless method followed by an 
electrolytic method, to a thickness of approximately 13 to 
25 microns. Panel 2303 is preferably rinsed in/water, 
preferably deionized, for at least 1 minute. /Panel 2303 is 
heated to a temperature of approximately 90 yco 125 degrees C 
for approximately 5 to 30 minutes, but preferably 90 degrees 
C for 5 minutes, and then laminated with/ photoresist . Masks 
are used and the photoresist is developed using the proper 
exposure settings to create the pattern shown in Figs. 27A 
and 27B (shown in greater detail i*i Figs. 21A and 21B) . 
These patterns also preferably iriclude at least six targets 
2326 on either side of panel 22s03 . The targets 2326 can be 
used for drill alignment for/future processing steps, and in 
a preferred embodiment comprise 0.040 inch annular rings 
around 0.020 inch etched/circles. Both the top side and the 
bottom side of panel 23o)3 are copper etched. Panel 2303 is 
cleaned by rinsing JC$ alcohol for 15 to 3 0 minutes, then 
preferably rinsi/fg/fcfi water, preferably deionized, having a 
temperature of (21^p:o 52 degrees C for at least 15 minutes. 
Panel 23 03 is tmen vacuum baked for approximately 3 0 minutes 
to 2 hours at^ approximately 90 to 180 degrees C, but 
preferably/for one hour at 14 9 degrees C. 

With the assistance of targets 2L326 and alignment 
holes 2310, panels 2304, 2303, 2302^/2^01 are stacked top to 
rottom, aligned and fusion bonded/i^o/assembly 2800, in a 
preferred embodiment, at a pressk^eyof 200 PSI, with a 40 
minute ramp from room temperature to 240 degrees C, a 45 
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minute ramp to 375 degrees C, a 15 minutes dwell at 375 
degrees C, and a 90 minufe ramp to 35 degrees C. 

Assembly 2800 is then aligned for the depaneling 
process. In a preferred embodiment, alignment is 
5 accomplished as follows. An attempt is made to drill at 
least two secondary alignment holes, 0.020 inches in 
diameter, as close as possible to the center of two of 
targets 2326. Using an X-ray source, the proximity of the 
alignment holes to the actual targets 2326 is determined. 

10 The relative position of the drill to assembly 2800 is then 
adjusted and another attempt to hit the center of targets 
2326 is made. The process is repeated, and additional 
targets 2326 are used if necessary, until proper alignment 
is achieved. Finally, four new alignment holes, each having 

15 a diameter of 0.125 inches, are drilled so that assembly 
2800 can be properly mounted. 

With reference to Fig. 28, holes 2810 having 
diameters of approximately 0.070 inches and holes 2820 
having diameters of approximately 0.039 inches are drilled 

20 in the pattern shown. Assembly 2800 is plasma or sodium 

etched. Assembly 2800 is cleaned by rinsing in alcohol for 
15 to 3 0 minutes, then preferably rinsing in water, 
preferably deionized, having a temperature of 21 to 52 
degrees C for at least 15 minutes. Assembly 2800 is then 

25 vacuum baked for approximately 30 minutes to 2 hours at 

approximately 90 to 180 degrees C, but preferably for one 
hour at 100 degrees C. Assembly 2800 is plated with copper, 
preferably first using an electroless method followed by an 
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electrolytic method, to a thickness of approximately 13 to 
25 microns. Assembly 2800 is preferably rinsed in water, 
preferably deionized, for at least 1 minute. Assembly 2800 
is heated to a temperature of approximately 90 to 125 
5 degrees C for approximately 5 to 3 0 minutes, but preferably 
90 degrees C for 5 minutes, and then laminated with 
photoresist- A mask is used and the photoresist is 
developed using the proper exposure settings to create the 
pattern shown in Fig. 2 9 (shown in greater detail in Figs. 

10 22A and 19B) . Both the top side and bottom side of assembly 
2800 is copper etched. Assembly 2800 is cleaned by rinsing 
in alcohol for 15 to 3 0 minutes, then preferably rinsing in 
water, preferably deionized, having a temperature of 21 to 
52 degrees C for at least 15 minutes. Assembly 2800 is 

15 plated with tin or lead, then the tin/lead plating is heated 
to the melting point to allow excess plating to reflow into 
a solder alloy. Assembly 2800 is again cleaned by rinsing 
in alcohol for 15 to 3 0 minutes, then preferably rinsing in 
water, preferably deionized, having a temperature of 21 to 

20 52 degrees C for at least 15 minutes. 

Assembly 2800 is depaneled, as shown in Fig. 30, 
using a depaneling method, which may include drilling and 
milling, diamond saw, and/or EXCIMER laser. In a preferred 
embodiment, tacky tape, such as 0.003 inches thick tacky 

25 tape in a preferred embodiment, is used to remove the 

individual spiral coupler packages 300. A manufacturer of 
such tacky tape is Minnesota Mining and Manufacturing Co. 
( ,! 3M n ), located in St. Paul, Minnesota. Assembly 2800 is 
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again cleaned by rinsing in alcohol for 15 to 3 0 minutes, 
then preferably rinsing in water, preferably deionized, 
having a temperature of 21 to 52 degrees C for at least 15 
minutes. Assembly 2800 is then vacuum baked for 
5 approximately 45 to 90 minutes at approximately 90 to 125 
degrees C, but preferably for one hour at 100 degrees C 

Combining fipi ra 1 -T,i kp. Coupl firs Wi th Other Components 

Spiral-like couplers utilizing PTFE can be used in 

10 conjunction with other components and other technologies. 

For example, ceramic materials (having their own circuitry) 
can be attached to PTFE, by means of film bonding, or glue, 
by way of example only. Hybrid circuits combining the 
benefits of ceramics and PTFE can have benefits over either 

15 technology alone. For example, the relatively high 

dielectric constants, e.g. above approximately 10.2, of hard 
ceramics in a hybrid circuit can allow a manufacturer to 
design a circuit that is smaller and less lossy than pure 
PTFE circuits. Ceramics inserted within a cavity of a PTFE 

20 structure as a drop-in unit allows the exploitation of both 
ceramic and PTFE processes. Since hard ceramics typically 
offer very low loss tangents, the resulting circuits are 
less lossy. 

A manufacturer can also embed within such a 
25 circuit ferrite and/or ferroelectric materials with the same 
consistency of ceramics. Ferroelectic materials have 
variable dielectric constant charges that can be controlled 
with a DC bias voltage. Thus, the frequency range of a 
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coupler can be tuned electronically by changing the 
dielectric loading. Although ferrite materials may not 
offer much benefit to traditional couplers, they can be 
beneficial for spiral-like couplers, whose frequency ranges 
5 can be more beneficially varied. 

Using PTFE, one can embed active elements in a 
fusion bonded homogeneous dielectric structure, in 
conjunction with spiral-like couplers. Some applications 
for combining active elements with spiral-like couplers 
10 include, by way of example only, digital attenuators, 

tunable phase shifters, IQ networks, vector modulators, and 
ac t ive mixers . 

Advantages and Applicat ions of Mixing Dielectric Constants 
15 A benefit of mixing PTFE material having different 

dielectic constants in a microwave device is the ability to 
achieve a desired dielectric constant between approximately 
2.2 to 10.2. This is achieved by mixing and weighting 
different materials and thicknesses in a predetermined stack 
20 arrangement. Some advantages of this method are: design 
freedom to vary dimensional properties associated with a 
particular pre-existing design; providing a stack-up of 
mult iconductor- coupled lines in the z -plane; and creating a 
broader range of coupling values. By varying the thickness 
25 of layers (whose other attributes may be pre-defined) , one 

can vary the properties of spiral couplers without extensive 
redesign. 
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While there have been shown and described and 
pointed out fundamental novel features of the invention as 
applied to embodiments thereof, it will be understood that 
various omissions and substitutions and changes in the form 
5 and details of the invention, as herein disclosed, may be 
made by those skilled in the art without departing from the 
spirit of the invention. It is expressly intended that all 
combinations of those elements and/or method steps which 
perform substantially the same function in substantially the 
10 same way to achieve the same results are within the scope of 
the invention. It is the intention, therefore, to be 
limited only as indicated by the scope of the claims 
appended hereto. 

15 
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